A genetic analysis of Escherichia coli P6, a large-cell, radiation-resistant strain of E. coli, established that it originated as the result of a mutational event. The gene responsible for the complex P6 phenotype was located at 61 i 0.5 min on the E. coli linkage map. The close resemblance of conjugal and transductional recombinants to one or the other parent without indication of an intermediate class suggests that only a single gene may be involved.
times more, contained approximately three times more deoxyribonucleic acid (DNA) and ribonucleic acid (RNA), and were more resistant to X-rays than the parent (16, 21) . Preliminary genetic experiments (F+ X F-crosses) showed that colonial morphology, cell size, radiation resistance, and an unselected property, Ti resistance, segregated as a unit (21) . These results suggested that a pleiotrophic mutation was responsible for the complex phenotype of P6.
The results of experiments designed to establisht the genetic constitution of E. coli P6 are reported here. Using both conjugation and transduction techniques, we mapped the P6 gene, lar-J, at 61 + 0.5 min on the E. coli linkage map. Recombinants characterized in terms of the properties originally used to describe the two parental strains resembled either one or the other parent. There were no indications of intermediate-type recombinants. Thus, the complex phenotype of E. coli P6 appears to be due to the mutation of a single gene.
MATERIALS AND METHODS
Symbols. The recommendations of Demerec et al. (6) tions are followed with two exceptions. Streptomycinand bacteriophage T6-resistant and -sensitive phenotypes are referred to as SmR or SmS and T6R or T6W, respectively. The gene responsible for the complex phenotype of E. coli P6 is designated lar for large cell. The E. coli P6 phenotype is Lar-, and E. coli 82/r and other wild-type strains are Lar+.
Bacterial strains. The sources and relevant characteristics of E. coli strains used in this study are listed in (1) . Titers of 109 to 1010 plaque-forming units per ml were obtained with this procedure.
Media and cultural conditions. Cultures were grown and maintained routinely on Difco nutrient broth and agar supplemented with NaCl (5 g/liter). Minimal M9 medium (3) was used for genetic selections with appropriate supplements added to fulfill auxotrophic requirements.
Response to streptomycin was determined on nutrient agar supplemented with streptomycin sulfate (150,ug/ml). The L-broth, agar, and soft agar used in the transduction studies were described by Lennox (9) .
Stationary cultures were incubated overnight at 37 C on a reciprocating platform shaker. Exponentially growing cultures were prepared by diluting stationary cultures 1:100 into fresh broth and incubating them at 37 C for an additional 3 to 4 hr until the cell density reached 2 X 108 to 5 X 108 cells/ml.
Cell parameters. DNA, RNA, and protein were determined on perchloric acid-extracted cells (17). (14) delayed challenge technique was used to obtain streptomycin-resistant strains. The leucine requirement was introduced into MK74 by a modification of the penicillin-enrichment procedure (13) . Other auxotrophic markers were introduced into recipient strains by treating them with N-methyl-N'-nitro-N-nitrosoguanidine (Aldrich Chemical Co.) essentially as described by Adelberg, Mandel, and Chen (2).
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Conjugal matings. Exponentially growing donor and recipient cells were mixed in a ratio of 1:10 and were rotated slowly in test tubes on a model 150V multipurpose rotator (Scientific Industries). In uninterrupted matings, samples were removed after 90 min, diluted, and plated on selective agar. Samples were removed periodically in interrupted matings and were subjected to violent mechanical agitation (11) . Bacteriophage T6 was used to counter-select against the donor strains. Recombinant colonies were counted after 40 to 44 hr of incubation at 37 C.
Transductions. The transduction procedures used have been described by Lennox (9) .
Genetic analyses. Master grid plates prepared from recombinant colonies were replicated by the velveteen replica plating technique (8) . The replicated plates were used to score colonial morphologies on nutrient agar, streptomycin responses on nutrient agar containing streptomycin, and nutritional requirements on selective minimal agar plates. RESULTS Isolation of Hfr P6 donor strains. C59, a P6 F+ strain previously made F+ by infection from E. coli K-12 W1177F+ (21), was exposed to doses of ultraviolet light that killed 99.0 to 99.9% of the population. Six Hfr P6 donor strains were isolated from 2,060 survivors that had been screened by a plate-mating technique. After purification by a series of single clone isolation steps, the high-frequency-of-recombination donor ability of each of the six strains was confirmed in uninterrupted matings. Hfr P6-1, which transfers trp as an early marker, was selected by screening with tryptophan-requiring recipient strains. Recipients carrying markers located in the lower left-hand quadrant of the chromosome near the lar marker were used in the later screening programs for Hfr P6 donors. Yet, none of the other five Hfr P6 donors (Hfr P6-2 through -6) isolated here has origins in the desired region.
The two donor strains, Hfr P6-1 and -2, were studied in greater detail. Both were typical Hfr donor strains in view of their mating efficiencies, linkage relationships, and in their orientations, gradients, and kinetics of chromosome transfer (unpublished data). Origins and directions of chromosome transfer of Hfr P6-1 and P6-2 are shown in Fig. 1 .
Mapping of the lar locus through interrupted matings. The first series of interrupted matings involved crosses of MK50 with a multiply-marked auxotrophic F recipient strain, MK74. Except for lar and the specific marker genes, these two strains presumably were isogenic. Direct selections were made for each of the amino acid markers carried by the F-recipient. Because it was not feasible to select directly for Lar-recombinants, an indirect scoring procedure was chosen. Unselected marker analyses were performed on all of the amino acid-independent recombinants. They were scored as Lar-(P6-type) or Lar+ (82/r or wild-type) according to their colonial morphologies. Streptomycin response was also scored as an unselected marker because preliminary results suggested that the lar-i site was located near strA.
The results of a typical interrupted mating of MK50 with MK74 are presented in Fig. 2 . The parallel entrance kinetics and the low frequency of crossovers between the lar-i and straA markers indicated that they were closely linked. The relative number of recombinants carrying the two markers suggested that the lar-i site was distal (with reference to the origin of Hfr P6-2) but very close to the strA site.
The reciprocal cross, Hfr B2 (4) X MKI20, yielded comparable results but indicated that the origin of Hfr B2 was about 10 min closer to lar-i than was that of Hfr P6-2. Based on these data and assuming that 5 min is required to mobilize the chromosome (11) , the origins of the two donor strains are located as shown in Fig. 1 . This location of the origin of Hfr B2 confirms Boyer's results (4) .
Ordering of the lar region of the chromosome by unselected marker analysis. The interrupted mating technique could not be used to map the lar-i and strA markers accurately because they were too far from the origins of any available Hfr donor strains in the E. coli B line. Accordingly, recombinants from an uninterrupted mating of Hfr B2 with MKI20 were subjected to an unselected marker analysis to establish the order of lar-i and strA in relation to one another and to other markers in this region of the chromosome. Pur+T6R recombinant colonies were scored for the presence of arg-10, lar-i, and strA markers from the donor; similarly, Arg+T6R recombinant colonies were scored for lar-i and strA. In each analysis, the selected marker was distal to the unselected markers as recommended by Verhoef and DeHaan (20) .
The results of these analyses ( (argG) was the recipient. The lar-i marker was not cotransucible with either strA or arg-10 under the same conditions ( Table 3 ). The high frequency of cotransduction for lar-I and argG locates the lar-i site at 61 -+ 0.5 min on the E. coli linkage map (Fig. 1) . No information as to the order of MK120 Arg+ 32.0 10, 890c 0.0 0 100 MK120 C22 SmR 7.6 1, 538 0.0 100 0 a Plbt was grown on the donor strain for at least three cycles prior to its use in the standard transduction procedure. The multiplicity of infection ranged from about 0.1 to 1.0 phage per bacterium. Nutritional requirements were scored on selective minimal agar plates supplemented appropriately, streptomycin-sensitivity was scored on nutrient agar plates containing streptomycin (150 pg/ml), and Lar was scored on the basis of colonial morphology on nutrient agar plates.
b Not scored. c Arg+ transductants were scored directly for Lar-colonial morphology on the arginine-selective agar plates. sentative conjugal and transductional recombinants were studied in greater detail to demonstrate that recombinants scored solely on the basis of their colonial morphologies also corresponded with their parents in their other properties. The X-ray responses of three Lar+ and threeLar-recombinant strains isolated in the conjugation experiments were compared to one another and, to those of the Hfr P6 donor and 82/r F recipient parental strains (Fig. 3) . The survival curves for each type of recombinant were very similar to one another and to those for their respective parents.
The macromolecular composition of three recombinants of each type and their parents also were determined ( colonies formed when E. coli K-12 Hfr donor strains and P6 F-recipient strains were mated. Approximately 7% of apparently Lar-colonies continued to segregate both Lar-and Lar+ colonies even after five single clone isolation steps. These observations suggest that the lar-J allele is dominant since unstable merodiploids apparently harboring both the mutant and wildtype lar alleles express the mutant Lar-phenotype.
DISCUSSION
The results of the mapping studies, i.e., the gene order as determined by unselected marker analyses of uninterrupted matings, the marker entry times, and kinetics obtained from reciprocal crosses in interrupted matings, and the very high cotransductional frequencies between lar-J and argG measured in transductional analyses, demonstrated that lar-J could be assigned a specific locus on the E. coli linkage map. The possibility arose, however, that more than a single gene might be involved here when we considered that P6 differed from its parent in several properties and that the transducing phage, P1, can carry the DNA equivalent of some 1 to 2% of the E. coli genome, or about 10 or more genes (19) . The presence of more than one mutant gene would be indicated by the production of multiple classes of recombinants from genetic crosses. The X-ray response and macromolecular composition data we obtained suggest that this possibility is rather unlikely.
Our ratios of macromolecular contents for E. coil P6 to 82/r strains of about 3 for the conjugal recombinants (Table 4) correspond to the values reported by Ogg and Zelle (16) . However, Ogg and Humphrey (15) reported smaller ratios of about 2. This may indicate that a range from about 2 to 3 in the ratios of macromolecular cell contents is compatible with the P6 phenotype. Presumably other mutations, possibly some involving the control of cell division by P6 strains (unpublished data), can be superimposed upon the lar mutation. The X-ray survival curves in Fig. 3 are similar to those presented previously (15, 21) .
Two conclusions may be drawn from the successful application of the standard techniques of bacterial genetics to this problem: (i) E. coli P6 originated from a mutation in its parent, E. coli 82/r, which was induced or selected for by the camphor treatment (16) 
